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Land useThe purpose of this paper is to propose information of use in the reconstruction of urban transport and infra-
structure in response to the Great East Japan Earthquake. In particular, knowledge of urban planning and
transportation planning is summarized to help in drawing up physical plans.
From the viewpoint of reconstructing urban structure, it is necessary to create regional linkages to adjacent
cities within a compact district connected by various transport modes. And, the redundancy in trafﬁc function
can be secured through a suitable division of roles between automobile trafﬁc and public transportation. Be-
sides, the following issues are discussed: 1) improvements aimed at a safe living environment, 2) examina-
tion of new intersections, and 3) sharing crossing space between people and cars. Moreover, introducing new
technology in transport planning should also be considered to cope with the aging of society to come.
© 2012 International Association of Trafﬁc and Safety Sciences. Published by Elsevier Ltd. All rights reserved.1. Introduction
The Great East Japan Earthquake has scarred Japan's mature society
both physically and psychologically. The most important thing is how
we cope with the errors caused by our overconﬁdence in technology
and our underestimation of nature's fury. This paper focuses on recon-
struction planning for urban transport and infrastructure in hoping for
a rapid recovery in the disaster areas and surrounding region.
This paper aims in particular to support physical planning for
reconstructing urban transport and infrastructure in terms of city
and transportation planning. No reference is made, therefore, to social
planning including community revitalization. Still, it is clear that both
physical and social approaches should be considered when actually
making a policy. Additionally, reconstruction planning must be based
on an in-depth analysis of regional needs, on information gathered
through ﬁeld research and in collaboration with residents. For these
reasons, the direction proposed in this paper should be understood as
only one basic concept for the planning process.
The concepts toward sustainable city proposed in this paper have
been discussed in city planning ﬁeld for coping with the depopulation
society in Japan. Some of the empirical evidence was revealed in exis-
ting city and academic researches. The paper was composed of the
knowledge and revised the Japanese original paper in the issue of
“Proposals to Aid Recovery and Rebirth Following the Great East
Japan Earthquake” published by the International Association of Traf-
ﬁc and Safety Science [1].ssociation of Trafﬁc and Safety Scien2. Proposal for a resilient urban structure
2.1. Compact cities and depopulation
The need for compact cities has been discussed in the context of de-
population in Japan. Many municipality master plans adopt the com-
pact city concept as an ideal urban structure for coping with suburban
sprawl. The move toward compact cities as an urban planning strategy
had already begun, with numerous measures implemented intending
to revitalize central city areas or to make improvements to centers of
consolidation and public transportation networks [2]. Looking at the
facts on the ground, however, it would be difﬁcult to suggest that
such concentration is actually taking place. Because the population of
Japan is expected to decline by approximately 32 million people over
the next 40 years, the issue of how to wisely shrink widely sprawling
urban areas is an urgent one from the viewpoint of city management.
Meanwhile, Japan's low birthrate and aging society inﬂuences re-
construction planning in the cities that suffered from the Great East
Japan Earthquake. An appropriate urban structure is required to ensure
sustainable growth in areas affected by the disaster. A key strategy for
sustainable urban structure is the “connected compact city” that con-
nects a safe regional core through a robust transportation network [3].
2.2. The connected compact city proposal
The connected compact city model incorporates two characteristics:
intensive land use around centers of social and commercial activity and
the networking of these core centers through multiple transportation
modes. Land use covers various functions including commercial and
residential districts, as long as the focal areas are within a certainces. Published by Elsevier Ltd. All rights reserved.
Fig. 2. Image of restoration land-use plan.
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public transport, and automobiles.
A sample urban structure is shown in Fig. 1. Compactness refers
not to overconcentration in a particular area but rather multipolar ag-
gregation in appropriate districts. This structure leverages the appeal
of regional resources, connecting area attractions through various
modes of transport. One of the beneﬁts of a connected compact city
is that it ensures redundancy even if the part of the city suffers from
a future disaster. At the same time, overall city resilience may be en-
hanced through restoration work conducted ﬂexibly from other areas.
In general, the process of creating a compact city in the absence of
disaster would take many long years, while reconstructing an area af-
fected by disaster, despite the pain, offers the possibility of speedy in-
tegration. Local governments all over the country are looking to
reconstruction of the region affected by the disaster as an opportunity
to take the lead in tackling the compact city issue [4].
3. Integration of land use and transportation planning
3.1. Safe land use planning
Many places affected by the tsunami had experienced severe di-
sasters several times in the past, and were repeatedly resettled after
temporary withdrawals. In the current revival plan we should not re-
peat the past mistake of resettling in dangerous areas. Needless to
say, any reconstruction plan must be based on preservation of safety,
with residential areas on high ground protected from tsunami. In ad-
dition, ﬂood areas must be considered natural land and used for parks
and productive greenery or as industrial areas around ﬁshing ports. A
land-use cross-section is presented in Fig. 2. The speedy recovery of di-
saster areas can be achieved by combining the effective use of lowlands
that suffered from the tsunami with safe high ground for residences.
3.2. Reproducing a hierarchical trafﬁc system
Trafﬁc systems are fundamentally hierarchical [5]. With regard to
automobile trafﬁc, the hierarchy has a gradual pyramidal structure
from highways that improve trafﬁc function to familiar community
roads that provide an access function. As speed of movement falls,
service ﬂexibility increases such that the pyramidal structure tops
out with the Shinkansen, which moves at high speed between cities,
then moves down to community buses that move within a district,
as in Fig. 3.
With overdependence on automobiles in recent years, the auto-
mobile became the only available transportation mode in many cities.
The hierarchy of urban transport was destroyed, with through trafﬁc
entering even community roads and bus trafﬁc forced to withdraw.
The reconstruction of areas affected by the earthquake is an opportu-
nity to reconstruct the collapsed hierarchy of urban transport. Since
high-speed trafﬁc routes can be used for urgent transport in times
of emergency as well as in ordinary times, I would recommend that
such routes by improved ﬁrst.Fig. 1. Image of a connected compact city.On the other hand, maintenance of the public transport network is
also an important issue to address in light of the aging of society.
Introducing punctual public transport that operates within concen-
trated areas near stations will serve as a key to the continued use of
public transportation.
In other words, redundancy in trafﬁc function can be secured
through a suitable division of roles between automobile trafﬁc and
public transportation. Moreover, the construction of sufﬁciently
wide escape routes for evacuees connecting high ground with low-
lying areas can help ensure smoother evacuations and improve resil-
ience after the disaster. According to this concept, the reconstruction
of road network was proposed in reconstruction plan, one of which is
seen in the Yamada Town Reconstruction Vision [6].4. City planning around disaster areas
4.1. Inﬁll development in areas where disaster victims are concentrated
Support for disaster victims is gradually shifting from moving
them to temporary evacuation areas immediately after the earth-
quake to moving them to public housing. The next step should be to-
ward securing their independence and local governments that have
accepted disaster victims also need to move forward with town plan-
ning. If a city aims for the compact city model as a matter of urban
policy, it becomes even more important to move proactively in
areas where victims are concentrated. Disaster victims can be provid-
ed with a good living environment if local governments accept them
where they are engaged in intensive capital investment. Moreover, if
disaster victims are unable to secure sufﬁcient vitality where they
have relocated, it will be difﬁcult for them to return to their native
areas. By shifting to from victim protection to a sustainable city per-
spective, cities that have taken in disaster victims can expect town
planning promotion to result in disaster victims residing for some
time. It is important to build win–win relationships that beneﬁt
both disaster victims and the cities that take them in.Fig. 3. A hierarchical trafﬁc system.
Fig. 4. A shared space crossing (Seven Dials, London).
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In the cities adjacent to the disaster areas, there is a need to
strengthen regional trafﬁc networks to support commuting by disaster
victims and cargo shipments for reconstruction of damaged facilities.
Mutual cooperation across extensive urban areas that encompass disas-
ter areas can assure redundancy within the regional area and enhance
resilience of the community as a whole in the event of a calamity. Fur-
thermore, the formation of broader-based trafﬁc networks produces
many beneﬁts for tourists who visit the beautiful coastline of East
Japan and for practical use of the area's richmarine resources. Going for-
ward, in preparing for large-scale disasters such as the anticipated Tokai
or Tonankai earthquakes, it will be indispensible to strengthen trafﬁc
networks to ensure a strong country.
5. Flexible reconstruction of urban trafﬁc
There are many proposals regarding the transportation and re-
gional management in emergency [7]. In reviving disaster areas, it is
important not only to ensure safety in times of disaster but also a
safe trafﬁc environment for everyday life. Here, there are many real-
world measures that have been adopted in advanced cities and it is
worth paying attention to those being considered for introduction
to our country. In particular, I will introduce trafﬁc measures consid-
ered particularly helpful in reviving disaster areas.
5.1. Improvements aimed at a safe living environment
Fatal accidents involving pedestrians are often caused by auto-
mobiles traveling at excessive speed. Various trafﬁc calming mea-
sures have been introduced in recent years such as constraining
automobile trafﬁc by reducing speed limits in residential areas. In
particular, the 30-km/h speed limit for community roads frequently
introduced in Europe should be considered for adoption in areas af-
fected by the disaster [8].
5.2. Examination of new intersections
Fatal accidents in 2009 most frequently occurred at crossings; in-
deed, these made up 37.8% of all accidents. Even in ordinary times,
the mingling of automobiles and pedestrians creates a high risk of
trafﬁc accidents at intersections. At the time of the earthquake, the
trafﬁc signal control system was destroyed by the tsunami and
remained unusable for some time even after electricity was restored.
Moreover, this can also inﬂuence civic life given that signals may not
operate in times of rolling blackouts.
Rotary-type crossings (roundabouts) have drawn attention, there-
fore, because they do not require signals. Although rotaries were in-
troduced in Japan in 1934 and installed all over the place, they
disappeared with the rapid increase in road trafﬁc volume. However,
rotaries are still utilized as a useful crossing control method in the
leading cities of Europe and America, and in recent years have been
given another look in Japan as well [9].
Roundabouts that can play an active part in times of disaster have
value as a safe form of crossing.
5.3. Sharing crossing spaces between people and cars
As intersection trafﬁc safety measures have developed further, a
concept of shared space has emerged that removes the signal, the sign-
age, and the road surface labeling from the crossing. This approach
began in the Netherlands in 1985 and has recently appeared in many
European cities (Fig. 4). Various kinds of trafﬁc, including pedestrians,
cars, and bicycles, use such crossings in a state of constant motionmodu-
lated by communication inpassing. Although it looks dangerous, there are
reports of reduced accidents where such crossings have been introduced.Creating such humane crossings establishes a new direction for town
planning, one that is important for a newly reconstructed living environ-
ment [10].
5.4. Public transportation for a super-aging society
In 2010 Japan's population aged 65 and over reached 23% of the
overall population. The percentage is expected to increase rapidly to
40% by 2055. Although automobiles are certainly a convenient mode
of transportation, elderly people cannot operate them forever. Fur-
thermore, by 2055 it is estimated that 27% of the population will be
aged 75 and over.
Reconstructing a safe and convenient public trafﬁc system is a
very important issue in preparing for the super-aged society to come.
Light-rail transit is one example of a new form of public transpor-
tation that has been successfully introduced to highly motorized soci-
eties. In North America, the ﬁrst LRT system ran in Edmonton, Canada
in 1978. Since then, many new LRT systems have been adopted in
Europe and America, greatly contributing to city planning. In Japan,
the Toyama light-rail transit system started operation in 2006, and a
ripple effect to other cities is expected in the future [11]. It is obvious
that major public transport would induce the change of land use and
create the walkable densely area around the station [12].
In disaster areas, there is also an urgent need to build a public trafﬁc
system that is both people- and environment-friendly. It is necessary to
take a multi-faceted approach that considers geographical features,
population distribution, ﬁnances, etc. For example, cooperation in town
planningwith the development of tram–train rail inside city areas should
be considered. These vehicles can operate on both rail lines and road
surfaces, and began service in Karlsruhe in 1992 (Fig. 5). From the
view of disaster recovery, such advanced examples should be examined
in adding new public trafﬁc systems as well as rebuilding the old.
5.5. Advances in new personal mobility
Personal mobility is deﬁned as transport facilities for one-person
riding. Like Segway, announced in 2001, many companies are develop-
ing variousmeans of transportation using advanced technology (Fig. 6).
Recently, the introduction of personal mobility was discussed in exis-
ting cities. For example, Kumamoto Prefecture concluded the “Compre-
hensive Agreement Regarding the Electric Vehicle Testing Program for
Next-Generation Personal Mobility Products” in August 2010 [13]. Al-
though the march of progress in technology is remarkable, and many
users are expected in the near future, the key factor for popularization
is the existence of trafﬁc routes on which everyone can run safely in
Fig. 5. Tram–train in Karlsruhe.
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combination of narrow road spaces and larger-sized vehicles. At the
same time, would require many years to widen existing roads in order
to create dedicated spaces for operation.
When improving road spaces in urban area that suffered tsunami
damage, I would hope for reconstruction that pre-supposes the intro-
duction of next-generation trafﬁc systems such as those mentioned
above. In the War Damage Reconstruction Plan formed 65 years ago,
despite how little trafﬁc there was in those days, broad streets of
50 m and 100 m wide were constructed for future use. One role of
city planning is to leave possibilities for the future.
6. Realizing a safe and secure trafﬁc society
Our country's natural abundance has supported our society and
given many beneﬁts. However, nature can sometimes be severe, so
we have strengthened our infrastructure whenever it faced natural vio-
lence, and have directed our energies to preventing natural disasters.
On the other hand, the Great East Japan Earthquake exposed the
limits of our technical capabilities, and taught us the importance of
adapting humbly to nature's fury. The prologue of the proposal by
the Reconstruction Design Council in Response to the Great East
Japan Earthquake says, “Disaster reduction is advanced to achieve
‘harmonious coexistence’ between humanity and nature” [14]. To beFig. 6. Patrol by Segway in Charlotte (USA).sure, trafﬁc infrastructure that protects society from suffering disas-
ters is required to ensure a safe and secure trafﬁc society. But we
should also create a rule of not residing permanently in a dangerous
place, and improve the environment to encourage safe escape in the
event of disaster.
Furthermore, regional construction in the disaster-affected areas
should incorporate the dreams and the wisdom of our nation. We
must fully utilize diverse scientiﬁc and technological knowledge in re-
viving urban transport and infrastructure. Many papers have so far
been published by various academic societies. There ismuchknowledge
that can be immediately used in reviving the areas affected by the disas-
ter. Now is the time to apply to our scientiﬁc ﬁndings.
When the revival of urban transport and infrastructure overcomes
the problems with which Japan has so far struggled, and reconstruc-
tion for a new generation is completed, it can then be said that
next-generation cities will have built the foundation. Moreover, I ex-
pect post-revival cities to drive the future of Japanese cities by dem-
onstrating advanced models.
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